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A sound producing apparatus with multi-directivity has two
or more speakers to produce music or other types of audio
sounds. Each of the speakers can produce audio sounds in a
certain direction and at least one speaker is steerable so that
its sound propagation direction relative to the others can be
changed. Furthermore, one or more speakers can produce
audio sounds in an adjustable angular range. One or more of
the speakers can be dual-mode speakers, each of which can
be operated as a wide-angle speaker or a narrow-angle
speaker. With multi-directivity, it is possible to play one type
of music in one direction and another type of music in
another direction to suit the interests of the audience. The
apparatus can be a mobile phone, an audio player, a digital
or analog recorder/player, or the like.
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1
MULTI-DIRECTIVITY SOUND DEVICE

FIELD OF THE INVENTION

The present invention relates to a sound device or audio
loudspeaker and, more particularly, to a multi-directivity
sound device.

BACKGROUND OF THE INVENTION

Mobile phones and portable devices can include both the
telecommunication and audiovisual entertaining features.
The audiovisual features may include music playback, video
playback, camcording, gaming, radio, audiovisual telecon-
ferencing, etc. When the mobile phone or the portable device
is used in a placed where two or more persons are present,
sometimes it is desirable to share the audiovisual features
with other people. Sometimes it is desirable to minimize the
spread of audio sounds.

SUMMARY OF THE INVENTION

The present invention provides a sound producing appa-
ratus with multi-directivity. The sound producing apparatus
can be a mobile phone, an audio player, a digital or analog
recorder/player, or the like. The sound producing apparatus
has two or more speakers to produce music or other types of
audio sounds. Each of the speakers can produce audio
sounds in a certain direction and at least one of the speakers
is steerable so that the sound propagation direction of one
speaker relative to the others can be changed. Furthermore,
one or more speakers can produce audio sounds in an
angular range and the angular range of at least one of the
speakers is adjustable. For example, one or more of the
speakers are dual-mode speakers, each of which can be
operated as a wide-angle speaker or a narrow-angle speaker.

Thus, the first aspect of the present invention is an
apparatus, which comprises:

a plurality of sound producing units;

a steering control; and

a signal source to provide signals to the sound producing
units for producing audio sounds, wherein each of the sound
producing units is arranged to produce the audio sounds in
a sound propagation direction and wherein the steering
control is arranged to change the sound propagation direc-
tion of one or more sound producing units.

According to various embodiments of the present inven-
tion, each of the sound producing units is configured to
produce the audio sounds in an angular range, and the
steering control is arranged to change to angular range of at
least one of the sound producing units.

According to various embodiments of the present inven-
tion, the audio sounds produced on different sound produc-
ing units can be the same or different type or genre. The
sounds can be stereo.

The second aspect of the present invention is a method,
which comprises:

selecting one or more of a plurality of sound producing
units in a sound producing device, wherein each of the sound
producing units is arranged to produce audio sounds in a
sound propagation direction; and

adjusting the sound propagation direction of at least one
of the sound producing units relative to the sound propaga-
tion direction of another sound producing unit.

According to various embodiments of the present inven-
tion, each of the sound producing units is configured to
produce the audio sounds in an angular range, and the
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2

method further comprises adjusting the angular range of at
least one of the sound producing units.

The third aspect of the present invention is an apparatus,
which comprises:

means for producing audio sounds comprising a plurality
of sound producing units, each sound producing unit
arranged to produce the audio sounds in a sound propagation
direction;

means for selecting the sound producing units; and

means for controlling the sound propagation direction of
at least one selected sound producing unit.

According to various embodiments of the present inven-
tion, each of the sound producing units is configured to
produce the audio sounds in an angular range, and the
apparatus further comprises means for adjusting the angular
range of at least one of the sound producing units.

The present invention will become apparent upon reading
the description taken in conjunction with the drawings as
shown in FIGS. 1 to 7.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a portable device, according to one embodi-
ment of the present invention.

FIG. 2a shows one of the sound steering features of the
present invention.

FIG. 2b shows another one of the sound steering features
of the present invention.

FIG. 3a shows a sound producing unit having two sub-
modules, according to one embodiment of the present inven-
tion.

FIG. 3b shows one example of steering the sounds from
the two sub-modules.

FIG. 3¢ shows another example of steering the sounds
from the two sub-modules.

FIG. 3d shows a different example of steering the sound
from the two sub-modules.

FIG. 4a shows an array of transducers used to produce
sound in one sound producing unit.

FIG. 4b shows the steering components for steering the
transducer array.

FIG. 4¢ shows an example of steering the transducer
array.

FIG. 5 shows an example of audio loudspeaker that can be
used as a sound producing unit.

FIG. 6 shows the details of the audio loudspeaker of FIG.
5.

FIG. 7 illustrates an exemplary user-interface.

DETAILED DESCRIPTION OF THE
DISCLOSURE

The present invention provides a sound producing appa-
ratus with multi-directivity. The sound producing apparatus
has two or more sound producing units to achieve multi-
directivity. In particular, each of the sound producing units
is arranged to produce audio sounds in a certain sound
propagation direction. A steering control is arranged such
that the sound propagation direction of one sound producing
unit relative to the other can be changed. When the sound
apparatus is used in a portable device such as a portable
music player or a mobile phone, the sound producing
apparatus can be used for telecommunication purposes, as
well as entertainment purposes.

When the sound producing apparatus is used in a placed
where two or more persons present, sometime it is desirable
to share the audiovisual features with other people. Some-
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time it is desirable to minimize the spread of audio sounds.
With a sound producing apparatus with multi-directivity, it
is possible to play one type of music in one direction and
another type of music in another direction to suit the
interests of the audience.

FIG. 1 shows a sound producing apparatus with multi-
directivity, according to one embodiment of the present
invention. As shown in FIG. 1, the apparatus 10 can be used
as a telecommunication device and as an entertainment
device with two or more audio loudspeakers 21, 22, 23 and
24. Each of the audio loudspeakers is arranged to be an
independent sound producing unit in that each audio loud-
speaker can be selected to produce music or other type of
audible sound, independent of the other. It is possible to
include an antenna 82 to transmit or receive telecommuni-
cation signals through a transceiver 80. Like a mobile
terminal, the apparatus 10 has a microphone 72 to allow a
user to speak to another party. The user can use any one of
the loudspeakers to listen to a conversation, a radio broad-
cast and a recording, for example. When the user wants to
listen to a radio broadcast, the user can select to receive
broadcast signals through the antenna 82 and the transceiver
80. The broadcast signals are processed by a signal proces-
sor 50 into sound data to be played out in any one of the
loudspeakers 21-24. Alternatively, the sound data can be
stored in a buffer 44. The apparatus 10 can be arranged to
receive a memory unit which stores different sound data so
that the stored sound data can be retrieved and played out in
a different loudspeaker. The apparatus 10 has a speaker
selector 40 for channeling one or more sources of sound data
to different loudspeakers, for example. The apparatus 10 has
a display 70 for displaying information. For example, the
display 70 can be used to list the different sound data files
available in the memory 46 and the buffer 44. Based on the
displayed list, the user to select what sound data file or files
to be played out through the user interface 60. Furthermore,
the user can select which loudspeaker or loudspeakers to be
used at any time.

According to various embodiments of the present inven-
tion, one or more of the loudspeakers 21-24 are steerable,
mechanically and/or acoustically. As shown in FIG. 1, when
the loudspeakers are used to produce audio sounds, the
produced audio sounds have different sound propagation
directions. For example, loudspeaker 22 produces audio
sounds in direction 122, loudspeaker 23 produces audio
sounds in direction 123, and loudspeaker 24 produces audio
sounds in direction 124. At a certain distance, the sounds
from loudspeaker 23 may mix those from loudspeaker 24. If
these loudspeakers are selected to produce different types of
music, sound or voice, for example, the sound mixing may
not be desirable. Thus, it is advantageous and desirable to
steer one or both sound sources to different directions by a
speaker control 30. For example, the loudspeaker 23 is
mechanically moved to change the sound propagation direc-
tion 123, as shown in FIG. 2a. In this embodiment, the
speaker control 30 comprises an electro-mechanical move-
ment means, such as a motor, a solenoid with a shaft or the
like, to push the loudspeaker 23 away from its original
position. The speaker control 30 may comprise a mechanical
component, such as a rod, a turn-knob or the like so as to
allow a user to adjust the sound propagation direction
manually. The speaker control 30 may comprise a sound
reflecting surface 32 the orientation of which can be adjusted
in order to change the sound propagation direction as shown
in FIG. 2b. The sound reflecting surface 32 can be adjusted
independently or in combination with the steering of the
speaker 24. Furthermore, the sound reflecting surface 32 can
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be flat or curved, and it can also be flexible so as to adjust
the angular spread or the propagation pattern of the audio
sounds.

In another embodiment of the present invention, a loud-
speaker includes two or more sub-units or sub-speakers. For
example, the loudspeaker 23 has two separate loudspeakers
23R and 23L to produce audio sounds along the sound
propagation direction 123. The loudspeakers 23R and 23L
are connected to the speaker control 30 so that they can be
steered relative to each other as shown in FIG. 3a. As shown
in FIG. 35, the loudspeakers 23R and 231 are steered toward
the same direction to change the sound propagation direction
123. As shown in FIG. 3¢, the loudspeakers 23R and 23L. are
steered toward each other. As such, the overall sound
propagation direction 123 remains unchanged, but the sound
spreading is reduced. As shown in FIG. 34, the loudspeakers
23R and 23L are steered away from each other. As such, the
overall sound propagation direction 123 remains unchanged,
but the sound spreading is increased. Thus, with two or more
sub-speakers, it is possible to change the overall sound
propagation direction, as well as the sound-spreading angu-
lar range.

In another embodiment of the present invention, one or
more of the loudspeakers can be a steerable array. As shown
in FIG. 4a, the loudspeaker 23 is made of a plurality of
vibration elements 230 arrange in a two-dimensional array
200. Each of the vibration elements 230 is connected to a
transducer 330, and the transducers 330 are connected to a
speaker control 30', as shown in FIG. 4b. The array of
vibration elements 230 can be utilized in two ways. In one
embodiment of the present invention, the vibration elements
230 are individually movable by the corresponding trans-
ducers 330. The vibration elements 230 can be arranged to
move toward each other to change to sound-propagation
angle as shown in FIG. 4¢. These vibration elements can be
steered away from each other, as shown in FIG. 3d, or
steered toward the same direction as shown in FIG. 3¢. In a
different embodiment, the vibration elements 230 form a
phase array such that the propagation direction or the
propagation angle can be changed by adjusting the relative
phase among the vibration elements 230. In this embodi-
ment, the speaker control 30" is also used to adjust the phase
of the vibrations in each of the vibration elements 230.

In yet another embodiment of the present invention, one
or more of the loudspeakers can be a dual-mode sound
producing unit, as shown in FIGS. 5 and 6. A dual-mode
sound producing unit 20, as shown in FIGS. 5 and 6,
includes a vibrating structural component (also called trans-
ducer) such as a membrane, a clamped-clamped beam, or a
cantilever, or an array of such structures, which can be
excited by a specific exciting signal so that it produces
audible sound waves in the 20 Hz to 20 kHz range, for
example. The vibration structure component can also be
excited in a higher frequency range, such as an ultrasonic
frequency range (about 30 kHz-120 kHz). At this frequency
range, the transducer or transducer array can produce a
directional beam of ultrasonic waves. Due to the non-linear
interaction of ultrasonic waves in the air, the directional
beam of ultrasonic waves becomes audible after traversing
a distance. According to the present invention, the acoustic
component that produces the audible sound in a conven-
tional way is the same acoustic component that, when
excited by ultrasound waves, produces substantially direc-
tional sound after the ultrasonic waves traverse a specific
distance.

FIG. 5 is a cross sectional view of the dual-mode sound
producing unit 20, showing a transducer 430 coupled to a
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cantilever diaphragm 420 on the substrate 410. As shown,
the cantilever diaphragm 420 comprises a plurality of low
temperature oxide (LTO) layers 442, 444, 446 on top of a
silicon nitride layer 460. Below the silicon nitride layer 460,
there is a thermal oxide layer 470, followed by a number of
other layers. The transducer 430 comprises a piezoelectric
(PZT) layer 450 sandwiched between two LTO layers 442
and 444. On top of the transducer 430 is an electrode layer
440, while the bottom electrode layer 448 is below the PZT
layer 450.

Another example of the dual-mode sound producing
units, according to a different embodiment of the present
invention, is shown in FIG. 6. As shown in FIG. 6, the sound
producing unit 20 has a transducer 530 coupled to a low
frequency acoustic component 520. A thin section of a
silicon substrate 580 is used as a diaphragm of the low
frequency acoustic component. 520. On top of the low
frequency acoustic component 520, the transducer 530 hav-
ing a piezoelectric (PZT) layer 550, and a polynitride layer
543 is provided. A top electrode layer 540 and a bottom
electrode layer 548 are used to provide an excitation elec-
trical signal in order to induce the movement of the PZT
layer 550. The transducer 530 is coupled to the low fre-
quency acoustic component 520 via a plurality of layers,
including an LTO layer 546, a silicon nitride layer 560 and
silicon dioxide layer 570.

With the dual-mode sound producing unit 20, the dia-
phragm can be excited by a specific exciting signal so that
it produces audible sound waves in the 20 Hz to 20 kHz
range, for example. When the diaphragm is excited in a
higher frequency range, such as an ultrasonic frequency
range (about 30 kHz-120 kHz), the waves (carrier waves
modulated by audio signal) in the near field are in the
ultrasonic frequency and, therefore, not audible. As the
waves travel through air, the carrier frequencies are lost due
to the non-linear interaction of ultrasonic waves in the air.
The envelope of the modulated waves produces audible
sound while retaining at least part of the directivity of the
wave pattern. As such, the audible sound produced by a
device is largely confined to a small number of people. Thus,
the sound producing unit 20 can be used in two modes, one
for producing audio sounds in a wider angle and one for
producing audio sounds in a narrower angle.

As illustrated in various embodiments, the present inven-
tion provides an apparatus, which comprises a plurality of
sound producing units; a steering control; and a signal
source for providing signals to the sound producing units for
producing audio sounds, wherein each of the sound produc-
ing units is arranged to produce the audio sounds in a sound
propagation direction and wherein the steering control is
arranged to change the sound propagation direction of one or
more sound producing units. In one embodiment of the
present invention, each of the sound producing units is
configured to produce the audio sounds in an angular range,
and wherein the steering control is arranged to change the
angular range of at least one of the sound producing units.
In order to allow a user to use the apparatus 10 as a versatile
sound producing device, the user interface 60 (see FIG. 1)
may comprise an information input console 62 and a soft-
ware program 64, as shown in FIG. 7. For example, the input
console 62 comprises a program selection module to allow
a user to choose the music/audio programs to be played; a
mode selection module to allow a user to select the speaker
mode of selected speakers (e.g. wide-angle sound mode,
narrow-angle sound mode, stereo sound mode, etc.); a
steering control to allow a user to selectively change the
sound propagation direction of each selected speaker; and a
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6

volume control to allow a user to selectively adjust the audio
level of each selected speaker. The input console 62 can be
a part of a keyboard of the apparatus 10. The input console
62 can be presented as a touch screen displayed on the
display 70 (see FIG. 1), for example. On the display 70, it
is possible to provide a play-list to show a user what audio
programs are available on the apparatus 10. The information
input console 62 is operatively connected to a software
program 64 which comprises programming codes to compile
the input information into control data provided to the signal
processor 50 (FIG. 1). The signal processor 50 can be an
ASIC chip, for example. The software program 62 can be
implemented on a computer readable storage medium. The
software program 62 can be upgraded or changed to accom-
modate the audio features of the apparatus 10, for example.

In sum, the present invention provides an apparatus,
which has a plurality of sound producing units; a steering
control; and a signal source to provide signals to the sound
producing units for producing audio sounds, wherein each of
the sound producing units is arranged to produce the audio
sounds in a sound propagation direction and wherein the
steering control is arranged to change the sound propagation
direction of one or more sound producing units.

According to various embodiments of the present inven-
tion, each of the sound producing units is configured to
produce the audio sounds in an angular range, and the
steering control is arranged to change to angular range of at
least one of the sound producing units.

According to various embodiments of the present inven-
tion, the audio sounds produced on different sound produc-
ing units can be the same or different type or genre. The
sounds can be stereo.

In one embodiment of the present invention, a sound
producing unit comprises two loudspeakers, and each loud-
speaker is steerable to change the sound propagation direc-
tion relative to the other loudspeaker.

In another embodiment of the present invention, a sound
producing unit comprises an array of vibration elements, and
the vibration elements can be arranged to change the sound
propagation direction of said one sound producing unit.

In yet another embodiment of the present invention, a
sound producing unit comprises an array of vibration ele-
ments, and the vibration elements are arranged to change the
sound angular range of said one sound producing unit.

In a different embodiment, at least one of sound producing
units is a dual-mode sound producing module, which is
excitable in a first mode by an exciting signal in an audio
frequency range and a second mode by an exciting signal in
an ultrasound frequency range.

According to various embodiment of the present inven-
tion, the steering control comprises an electro-mechanical
movement module, a mechanical component, or a reflecting
surface for changing orientation of one or more sound
producing units.

According to different embodiments of the present inven-
tion, the sound producing unit comprises an array of vibra-
tion elements, and the steering control comprises one or
more transducers arranged to move the vibration elements
for changing the sound propagation direction and/or the
sound angular range of the sound producing unit.

According to various embodiments of the present inven-
tion, the apparatus also has a user interface comprising
selectable items for allowing a user to select the sound
producing units and the sound propagation direction of one
or more sound producing units. Part or the entire user
interface can be implemented as a touch screen on a display.
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Various features on the user interface can be carried out by
a software program embedded in a computer readable stor-
age medium.

According to various embodiments of the present inven-
tion, the audio data for producing the audio sounds can be
stored in a fixed memory or a removable memory unit.

The apparatus can be a wireless device which has a
receiver arranged to receive audio data for producing the
signals.

The present invention also provides a method for produc-
ing sounds in a sound producing apparatus, and the method
comprises: selecting one or more of a plurality of sound
producing units in a sound producing device, wherein each
of the sound producing units is arranged to produce audio
sounds in a sound propagation direction; and adjusting the
sound propagation direction of at least one of the sound
producing units relative to the sound propagation direction
of another sound producing unit.

According to various embodiments of the present inven-
tion, each of the sound producing units is configured to
produce the audio sounds in an angular range, and the
method further comprises adjusting the angular range of at
least one of the sound producing units.

In general, the present invention provides an apparatus
comprising means for producing audio sounds comprising a
plurality of sound producing units, each sound producing
unit arranged to produce the audio sounds in a sound
propagation direction; means for selecting the sound pro-
ducing units; and means for controlling the sound propaga-
tion direction of at least one selected sound producing unit.

According to various embodiments of the present inven-
tion, each of the sound producing units is configured to
produce the audio sounds in an angular range, and the
apparatus further comprises means for adjusting the angular
range of at least one of the sound producing units

The apparatus, according to various embodiments of the
present invention, can be a communication device, such as
a mobile phone, or a standalone entertainment device, such
as an audio/video player. The apparatus can also a mixed use
device such as a gaming console.

Thus, although the present invention has been described
with respect to one or more embodiments thereof, it will be
understood by those skilled in the art that the foregoing and
various other changes, omissions and deviations in the form
and detail thereof may be made without departing from the
scope of this invention.

What is claimed is:

1. An apparatus, comprising:

a plurality of sound producing units comprising at least a
first sound producing unit and a second sound produc-
ing unit spaced from the first sound producing unit
within the apparatus, wherein the first sound producing
unit and the second sound producing unit are indepen-
dent sound producing units which can produce audible
sounds independent of each other;

a steering control to adjust a sound propagation direction
of at least the first sound producing unit; and

a signal source to provide audio signals to the sound
producing units, wherein the first sound producing unit
is configured to produce a first audible sound in a first
sound propagation direction and the second sound
producing unit is configured to produce a second
audible sound in a second sound propagation direction,
wherein the first audible sound and the second audible
sound are from separate sound producing units,
wherein at least the first sound propagation direction of
the first sound producing unit is independently adjust-
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able based on the steering control, wherein the first
sound propagation direction is changed relative to the
second sound propagation direction, and where the
apparatus is a portable electronic device.

2. The apparatus of claim 1, wherein each of the sound
producing units is configured to produce the audio sounds in
an angular range, and wherein the steering control is
arranged to change to angular range of the first sound
producing unit.

3. The apparatus of claim 1, wherein the audio sounds
produced on at least one of the sound producing units are
different from the audio sounds produced on the other of the
sound producing units.

4. The apparatus of claim 1, wherein two or more of the
sound producing units are arranged to produce stereo audio
sounds.

5. The apparatus of claim 1, wherein the steering control
comprises an electro-mechanical movement module for
changing orientation of the first sound producing unit.

6. The apparatus of claim 1, wherein the steering control
comprises a mechanical component for changing orientation
of the first sound producing unit.

7. The apparatus of claim 1, further comprising:

a user interface comprising a display of selectable items
for allowing a user to select the sound producing units
and the sound propagation direction of one or more
sound producing units.

8. The apparatus of claim 7, further comprising:

a processor arranged to effect the sound propagation
direction selected by the user; and

a computer readable storage medium having embedded
programming codes to provide information to the pro-
cessor indicative of selection made by the user.

9. The apparatus of claim 1, further comprising:

a sound data storage comprises a removable memory unit
and arranged to provide audio data to the signal source
for producing the signals.

10. The apparatus of claim 1, further comprising: a
receiver arranged to receive audio data for producing the
signals.

11. The apparatus according to claim 1, wherein the first
sound producing unit and the second sound producing unit
are arranged to produce audible sound waves in a range of
20 Hz to 20 KHz.

12. The apparatus according to claim 1, wherein the first
sound producing unit and the second sound producing unit
are configured to be excited in an ultrasonic frequency range
of 30 kHz to 120 kHz so as to produce ultrasonic waves
which become audible after traversing a distance due to
non-linear interaction of the ultrasonic waves in air.

13. A method, comprising:

selecting one or more of a plurality of sound producing
units in a sound producing device, wherein at least a
first sound producing unit and a second sound produc-
ing unit are independent sound producing units which
can produce audio sounds independent of each other
and in different sound propagation directions, the audio
sounds being from separate sound producing units; and

adjusting the sound propagation direction of at least one
of the sound producing units independently of another
one of the sound producing units,

wherein the sound propagation direction of the at least
one sound producing unit is changed relative to a sound
propagation direction of the another one of the sound
producing units, and

wherein the sound producing device comprises a portable
electronic device.
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14. The method of claim 13, wherein each of the sound
producing units is configured to produce the audio sounds in
an angular range, said method further comprising: adjusting
the angular range of at least one of the sound producing
units.

15. The method according to claim 13, wherein each of
the sound producing units is arranged to produce audible
sound waves in a range of 20 Hz to 20 KHz.

16. The method according to claim 13, wherein the audio
sounds produced on at least one of the sound producing units
are different from the audio sounds produced on the other of
the sound producing units.

17. The method according to claim 13, wherein the first
sound producing unit and the second sound producing unit
are configured to be excited in an ultrasonic frequency range
of 30 kHz to 120 kHz so as to produce ultrasonic waves
which become audible after traversing a distance due to
non-linear interaction of the ultrasonic waves in air.

18. A non-transitory computer readable medium having
programming codes embedded therein, the programming
codes configured to, when executed by a processor:

select one or more of a plurality of sound producing units

in a sound producing device, wherein at least a first
sound producing unit and a second sound producing
unit are independent sound producing units which can
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produce audio sounds independent of each other and in
different sound propagation directions, the audio
sounds being from separate sound producing units; and

adjust the sound propagation direction of at least one of
the sound producing units independently of another one
of the sound producing units, wherein the sound propa-
gation direction of the at least one sound producing unit
is changed relative to a sound propagation direction of
the another one of the sound producing units, and

wherein the sound producing device comprises a portable
electronic device.

19. The non-transitory computer readable medium of
claim 18, wherein each of the sound producing units is
configured to produce the audio sounds in an angular range,
the programming codes further configured to adjust the
angular range of at least one of the sound producing units.

20. The computer program product according to claim 18,
wherein the first sound producing unit and the second sound
producing unit are configured to be excited in an ultrasonic
frequency range of 30 kHz to 120 kHz so as to produce
ultrasonic waves which become audible after traversing a
distance due to non-linear interaction of the ultrasonic waves
in air.



